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Structural integrity is a major factor in aircraft design and construction. No production airplane leaves the ground before undergoing extensive analysis of how it will fly, the stresses it will tolerate and its maximum safe capability. 

Every airplane is subject to structural stress. Stress acts on an airplane whether on the ground or in flight. Stress is defined as a load applied to a unit area of material. Stress produces a deflection or deformation in the material called strain. Stress is always accompanied by strain.

Current production general aviation aircraft are constructed of various materials, the primary being aluminum alloys. Rivets, bolts, screws and special bonding adhesives are used to hold the sheet metal in place. Regardless of the method of attachment of the material, every part of the fuselage must carry a load, or resist a stress placed on it. Design of interior supporting and forming pieces, and the outside metal skin all have a role to play in assuring an overall safe structure capable of withstanding expected loads and stresses.

During initial certification, the FAA determines if good, standard practices of design and construction are adhered to. Strict compliance with the regulations applicable to the category of aircraft being designed (FAR Part 23 for most general aviation aircraft) is mandatory. Every part used in the aircraft, whether it be a stringer, former, bulkhead, longeron, or any attaching hardware must meet safety criteria, not only for the certification period, but for the expected life of the airframe under design conditions of use. Some airframe parts such as wing spar carry through assemblies require high strength. Others, such as cowlings, while not requiring as much strength, still must be capable of withstanding some loading and stress, as well as contributing to an aerodynamically clean design.

The stress a particular part must withstand is carefully calculated by engineers. Also, the material a part is made from is extremely important and is selected by designers based on its known properties. Aluminum alloy is the primary material for the exterior skin on modern aircraft. This material possesses a good strength to weight ratio, is easy to form, resists corrosion, and is relatively inexpensive.

Fittings must be made of carefully selected materials because of their importance of holding the aircraft together under expected stress and loading. The same holds true for important fasteners such as bolts and rivets. It is essential that these parts not fail under stress. It is also essential that these parts not weaken with exposure to stress and weather elements.

Corrosion is also a consideration. A fitting made of one metal cannot be secured to the structure with a bolt or fastener made of another metal. This situation may result in "dissimilar metal corrosion" over a period of time and result in a weakening of the assembly to the extent that the assembly is rendered unsafe.

Types Of Structural Stress
The five basic structural stresses to which aircraft are subject are:

1. Tension 

2. Compression 

3. Torsion 

4. Shear 

5. Bending

While there are many other ways to describe the actual stresses which an aircraft undergoes in normal (or abnormal) operation, they are special arrangements of these basic ones.

"Tension" is the stress acting against another force that is trying to pull something apart. For example, while in straight and level flight the engine power and propeller are pulling the airplane forward. The wings, tail section and fuselage, however, resist that movement because of the airflow around them. The result is a stretching effect on the airframe. Bracing wires in an aircraft are usually in tension.

"Compression" is a squeezing or crushing force that tries to make parts smaller. Anti-compression design resists an inward or crushing force applied to a piece or assembly. Aircraft wings are subjected to compression stresses. The ability of a material to meet compression requirements is measured in pounds per square inch (psi).

"Torsion" is a twisting force. Because aluminum is used almost exclusively for the outside, and, to a large extent, inside fabrication of parts and covering, its tensile strength (capability of being stretched) under torsion is very important. Tensile strength refers to the measure of strength in pounds per square inch (psi) of the metal. Torque (also a twisting force) works against torsion. The torsional strength of a material is its ability to resist torque. While in flight, the engine power and propeller twist the forward fuselage. The force, however, is resisted by the assemblies of the fuselage. The airframe is subjected to variable torsional stresses during turns and other maneuvers.

"Shear" stress tends to slide one piece of material over another. Consider the aircraft fuselage. The aluminum skin panels are riveted to one another. Shear forces try to make the rivets fail under flight loads; therefore, selection of rivets with adequate shear resistance is critical. Bolts and other fasteners are often loaded in shear, an example being bolts that fasten the wing to the spar or carry-through structure. Although other forces may also be present, shear forces try to rip the bolt in two. Generally, shear strength is less than tensile or compressive strength in a particular material.

"Bending" is a combination of two forces, compression and tension. During bending stress, the material on the inside of the bend is compressed and the outside material is stretched in tension. An example of this is the G-loading an airplane structure experiences during maneuvering. During an abrupt pull-up, the airplane's wing spars, wing skin and fuselage undergo positive loading and the upper surfaces are subject to compression, while the lower wing skin experiences tension loads. There are many other areas of the airframe structure that experience bending forces during normal flight.

An airplane structure in flight is subjected to many and varying stresses due to the varying loads that may be imposed. The designer's problem is trying to anticipate the possible stresses that the structure will have to endure, and to build it sufficiently strong to withstand these. The problem is complicated by the fact that an airplane structure must be light as well as strong. The manufacturer states upon certification that the design meets or exceeds all FAR requirements for the category of aircraft being produced. However, hard landings, gust loads caused by extreme turbulence, performing aerobatic maneuvers in a non-aerobatic airplane, etc,. can affect the airworthiness of one or more major airframe assemblies to the extent that the airplane is no longer airworthy. This reiterates the necessity of operating the aircraft within the limitations outlined by the manufacturer. Every flight imposes loads and stresses on the aircraft. How carefully it is flown, therefore, will have an effect on the service life of its assemblies.

Fuselage Design And Construction
The fuselage structures of general aviation aircraft today can usually be divided into the truss, monocoque, or the semi-monocoque types. Truss or framework types of construction have wood, steel tube, aluminum tube, or other cross sectional shapes which may be bolted, welded, bonded, pinned, or riveted into a rigid assembly. The vertical and diagonal cross-members are arranged to withstand both tension and compression loads. This type of fuselage has been in use for about 80 years. It is very strong and of relatively light weight. The truss assembly is usually covered with a fabric skin. The fabric skin is usually doped and painted which makes it taught and airtight, and adds to its strength. Although cloth fabric is not considered a primary structural member, some aircraft are covered with a glass cloth or mat consisting of impregnated glass fiber reinforced with epoxy or other resins, and which is sometimes part of the primary structure.

Both the monocoque and semi-monocoque fuselage structures use their covering or skin as an integral structural or load carrying member. Monocoque (single shell) structure is a thin walled tube or shell which may have rings, bulkheads or formers installed within. It can carry loads effectively, particularly when the tubes are of small diameter. The stresses in the monocoque fuselage are transmitted primarily by the strength of the skin. As its diameter increases to form the internal cavity necessary for a fuselage, the weight-to-strength ratio becomes more efficient, and longitudinal stiffeners or stringers are added to it. This progression leads to a semi-monocoque fuselage, which depends primarily on bulkheads, frames and formers for vertical strength, and longerons and stringers for longitudinal strength. Semi-monocoque is the most popular type of structure used in aircraft design today. Use of this concept has enabled aircraft designers to use aluminum skins as light as .016 inch in thickness for primary structure on airplanes as large as the modern light twins.

Stressed skin construction has come to be the standard for most general aviation aircraft builders. The metal skin exterior is riveted, or bolted and riveted, to the finished fuselage frame, with the skin carrying some of the overall loading. The skin is quite strong in both tension and shear and, if stiffened by other members, may be made to carry some compressive load.

Wing Structure
Wings may be either strut braced or full cantilever, depending on whether (as in many smaller aircraft) an external brace is employed to help transmit loads from the wing to the fuselage. Cantilever wings must resist all loads with their own internal structure.

Small, low speed aircraft have straight, nearly rectangular wings. For these wings, the main load is in bending of the wing as it transmits load to the fuselage, and the bending load is carried primarily by the spars. In fact, the spars are the main structural pieces in a wing assembly. Attached to the spars are ribs that give the aerodynamic shape to the wing.

During flight, stresses are transmitted first to the wing skin, then to the ribs, and finally to the spars. Spars also must carry loads distributed by the fuselage, landing gear and any nacelles.

Stress is a fact of life for airplanes; it is always present in one form or another. The primary concern for the owner/pilot should be to not put any undue stress on the aircraft. Treat it gently, by operating it within its design limitations. Normal stress (and occasional abnormal stress) is not a problem for an aircraft that is properly designed. But, the airplane must be properly flown and maintained in order to keep it airworthy.

